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Description 

Field Of The Invention 

[0001] This invention relates to a composition of matter which Is a pharmaceutical formulation ot ziprasidone com- 
prising crystalline ziprasidone particles having a maximum size cutoff, and to the use of such a formulation in the 
preparation of a medicament for the treatment or prophylaxis of psychosis. 

Background Of The Invention 

[0002] Ziprasidone is a known compound having the structure: 



H 




It is disclosed in U.S. patents 4831,031 and 5,312,925, has utility as a neuroleptic, and is thus useful, inter alia, as an 
antipsychotic. It is typically administered as the hydrochloride acid addition salt The hydrochloride salt is advantageous 
inthatitisa high permeability drug, a factor which favorably affects bioavailability. The hydrochloride salt does, however, 
possess relatively poor aqueous solubility, a factor which unfavorably affects bioavailability. 

[0003] Low solubility compounds can be problematic In the pharmaceutical arts from a formulations perspective. 
Typical approaches can involve (1) using particular formulations excipients which increase solubility, for example sur- 
factants, and/or (2) formulating the drug in a small particle size, thereby increasing the surface area of the drug to 
facilitate more rapid dissolution. The latter method can present difficult and expensive formulation and quality control 
challenges, however. 

Summary Of The Invention 

[0004] It has now been determined that compositions comslsing crystalline ziprasidone free base or ziprasidone 
hydrochloride (herein sometimes collectively referred to as "ziprasidone" for convenience) having a mean particle size 
equal to or less than about 85 exhibit good dissolution properties at physiologic pH. Surprisingly, formulations 
comprising particles of ziprasidone free base or ziprasidone hydrochloride equal to or less than about 85 |j.m are 
substantially bioequivalent. meaning that, whatever the factor are that affect the bioequivalence of ziprasidone. they 
are largely independent of particle size below about 85 urn. Accordingly, the invention provides a pharmaceutical com- 
position comprising crystalline ziprasidone free base or crystalline ziprasidone hydrochloride particles having a mean 
particle size equal to or less than about 85 jim as measured by Malvern light scattering, and a pharmaceuticaHy ac- 
ceptable diluent or carrier. It is preferred that the ziprasidone particles In the composition have a D go not exceeding 
1 70 urn. It is noted the notation D x means that X% of the particles have a diameter less than a specified diameter D. 
Thus a D 90 of 1 70 |un means that 90% of the particles in a ziprasidone composition preferably have a diameter less 
than 170 um. 

[0005] A preferred mean particle size of ziprasidone particles is equal to or less than 50 urn. The range of mean 
particle sizes preferred tor use in the invention is 2 to 50 ijm, mom preferably 5 to 50 urn. even more preferably 5 to 
40 urn, and most preferably 5 to 30 jim. The particle sizes stipulated herein and in the claims refer to particle sizes 
determined with Malvern light scattering. 

[0006] The invention further provides the use of the above definec composition in the preparation of a medicament 
for treating a psychosis, comprising administering to a patient in need of such treatment an effective amount of a 
composition comprising crystalline ziprasidone free base or crystalline ziprasidone hydrochloride particles having a 
mean particle size equal to or less than about 85 urn as measured by Malvern light scattering, and a pharmaceuticaHy 
acceptable carrier. Ziprasidone hydrochloride can be used in any active crystalline form, although ziprasidone hydro- 
chloride monohydrate is preferred. 

[0007] The formulations of this invention are advantageous because, inter alia, as noted above, they exhibit good 
dissolution properties at physiologic pH, The invention is surprising In this respect, however, in that the rate of dissolution 
in vitro does not correlate with particle size. That is, one would expect dissolution rate for a relatively low solubility drug 
to increase as particle size decreases and/or surface area increases. It has surprisingly been found, however, that 
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ziprasidone dissolution rate in aqueous media, at least at or below 85 urn does not vary substantially with particle 
size, and therefore appears to be largely independent of it. Thus ziprasidone free base or ziprasidone hydrochloride 
can be formulated In a composition having a reasonable particle size which is easily manageable using conventional 
formulations methodology and equipment, it not being necessary to use extreme measures or specialized technology 

5 to achieve and maintain relatively tiny particles to facilitate dissolution. 

[0006] Formulations according to this invention, when dissolution tested in vitro preferably exhibit the following dis- 
solution criteria. That is, the formulation exhibits dissolution properties such that, when an amount of the formulation 
equivalent to 100 mgA ("mgA" being an abbreviation designating active ziprasidone In thB form of the free base, mo- 
lecular weight 412.9) or less of active ziprasidone (100 mgA as free base being equivalent to 113 2 mg as ziprasidone 

to hydrochloride monohydrate) is placed in a USP-2 apparatus containing 900 ml of 0.05 M NaH 2 PQ 4 buffer, adjusted to 
pH 7.5, containing 2% (w/w) sodium dodecyl sulfate, the apparatus being equipped with paddles stirring at 75 rpm at 
least 70% of the ziprasidone free basa or hydrochloride therein dissolves within 45 minutes. Usually the test result is 
established as an average for a p re-determined number of dosages (e.g., capsules, tablets, suspensions, or other 
dosage form), usually six. The dissolution media is typically maintained at 37°C during the test. It is noted that if the 

'5 dosage form being tested Is a capsule, 1% (w/w) of pancreatln or other source of trypsin may need to be added to the 
phosphate buffer dissolution medium so that the capsule shell does not interfere with the test. The amount of dissolved 
ziprasidone can be determined conventionally by H PLC, as hereinafter described. 

[0009] The term "particles" refers to individual particles whether the particles exist singly or are agglomerated. Thus 
a composition comprising particulate ziprasidone hydrochloride may contain agglomerates that are well beyond the 
20 size limit of about BSurn specified herein. However, if the mean size of the primary drug substance particles (i.e., 
ziprasidone free base or ziprasidone hydrochloride) comprising the agglomerate are less than about 85|±m individually, 
then the agglomerate Itself is considered to satisfy the particle size constraints defined herein and the composition is 
within the scope of the invention. 

[0010] Reference to ziprasidone free base or to ziprasidone hydrochloride particles having "a mean particle size" 

25 (herein also used interchangeably with "VMD" for "volume mean d ameter") equal to or less than a given diameter or 
being within a given particle size range means that the average of all ziprasidone particles in the sample have an 
estimated volume, based on an assumption of spherical shape, less than or equal to the volume calculated for a 
spherical particle with a diameter equal to the given diameter. Particle size distribution can be measured by Malvern 
light scattering as known to those skilled in the art and as further disclosed and discussed below. 

3 o [0011 J "Bioequivalent" as employed herein means that if a dosage form comprising crystalline ziprasidone particles 
and a pharmaceutically acceptable carrier, said particles having a given mean particle size, is tested in a crossover 
study (usually comprising a cohort of at least 10 or more human subjects), the average Area under the Curve (AUC) 
and/or the C ma]1 for each crossover group is at least 80% of the (corresponding) mean AUC and/or C max observed 
when the same cohort of subjects is dosed with an equivslert formulation differing only in that the ziprasidone particle 

35 size is 20 microns (u.m), preferably with a D go of about 40 pm The 20 urn particle size is, in effect, a standard against 
which other different formulations can be compared. AUCs are plots ot serum concentration of ziprasidone along the 
ordinate (Y-axis) against time for the abscissa (X-axis) Generally, the values for AUC represent a number of values 
taken from all the subjects in a patient population and are, therefore, mean values averaged over the entire test pop- 
ulation. C max , the observed maximum in a plot of serum level concentration of ziprasidone (Y-axis) versus time (X- 

4° axis) is likewise an average value. 

[0012] Use of AUCs, C^, and crossover studies is, of course otherwise well understood in the art The invention 
can indeed be viewed in alternative terms as a composition comprising crystalline ziprasidone particles having a mean 
particle size equal to or less than about B5^rn, as measured by Malvern light scattering, and a pharmaceutically ac- 
ceptable carrier, said composition exhibiting a mean AUC and/or mean C raa)< which are at least 80% of thecorrespond- 

45 ing mean AUC and/or C max values exhibited by a composition equivalent thereto (i.e., in terms of excipients employed 
and the amount of ziprasidone hydrochloride) but having a ziprasidone mean particle size of 20um. Use of the term 
"AUC" for purposes of this invention implies crossover testing within a cohort of at least 10 healthy subjects for all 
compositions tested, including the "standard" 20.um particle size composition. 

so Detailed Description 

[001 3] As previously stated, ziprasidone free base or ziprasidone hydrochloride in any form which will crystallize can 
be used in this invention, including anhydrous or, in the case of the hydrochloride, ziprasidone hydrochloride monohy- 
drate. The ziprasidone hydrochloride employed herein, including the examples, was ziprasidone hydrochloride mono- 
55 hydrate, and is generally referred to throughout simply as ziprasidone hydrochloride for convenience. Crystalline 
ziprasidone free base itself can be formed from the hydrochloride by adding or titrating a base (for example an alkali 
metal hydroxide such as sodium hydroxide) to a suspension of the acid addition salt in water, usually with stirring. Base 
Is added at a rate such that the pH preferably rises to at least about 5. A preferred pH range within which to conduct 
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the neutralization is from about 5 to about 7. The neutralization reaction can take up to several hours or mora, depending 
on the quantity of hydrochloride being neutralized, the volume employed, the concentration of base and so forth. The 
free base, being much less soluble at near-neutral pH than the acid addition salt, crystallizes out of solution as the 
neutralization progresses to completion. The neulralization end point occurs when the pH no longer swings acid fol- 

5 lowing thB addition of base. Indicating that the acid has been consumed. If The particle size measured Is not less than 
66 u.m, it can be milled to give material of intermediate or smaller particle size, as known in the art, 
[0014] Alternatively the ziprasidone free base may be obtained directly via the synthesis described in U.S. 5,338,846. 
[0015] It will be appreciated bythose skilled inthe art of powder production that there are numerous known methods 
which can be applied to producing crystalline ziprasidone hydrochloride particles having a mean particle size equal to 

>o or lass than about 85 u.m. For example, the hydrochloride salt can be made by treating the free base with aqueous 
HCI, as generally described in US patent 4,831 031 . In particular, there are two preferred crystallization process options 
which have been utilized tor the production of ziprasidone Hydrochloride monohydrate crystals forthe bioequ valence 
studies exemplified herein , The process which gives the smallest particle sizes, typically a VMD of about 5 to 30 .urn, 
comprises suspending ziprasidone free base as a slurry in a mixture of tetrahydrofuran (THF) and water, where the 

is major component of the solvent mixture is water, adding aqueous HCI to form the hydrochloride, and refluxing, usually 
for several hours depending on the scale (lab or production) being implemented. The ratio (v/v) of water to THF is 
typically 13-1 7 (water) to 0-S (THF). This process has been described in U.S. Patent 5,312,925, herein incorporated 
by reference. Due to the low solubility of ziprasidone. this process results in the conversion of the free base to the 
hydrochloride salt without ever obtaining a solution. The slurry requires a substantial reflux period to form the hydro- 

20 chloride salt. The long reflux together with the low solubility results In smaller particle size whan this process option Is 
used. 

[0016] A second preferred process option for making large crystalline particles involves crystallizing ziprasidone 
hydrochloride monohydrate from solution . A solution of the free base of ziprasidone is prepared in THF and water at 
(or near) reflux, where the mixture is predominantly THF, tne volume ratio of THF to water typically being 22-35 (THF) 

25 to 1 .5.8 (water), preferably 24-30 (THF) to 2-6 (water). Then the mixture is heated, preferably to a temperature just 
below reflux so that mechanical reduction of the crystals can be avoided, and an aqueous HCI solution is added to 
form the hydrochloride monohydrate salt. Once addition the HCI solution Is commenced, crystals form and start to 
drop out of solution. Since reflux temperature is usualty about 66 °C, typically a temperature of 50-64 °C is employed/ 
maintained. Although It Is generally desirable to avoid reflux for large crystal sizas, slow agitation such as slow stirring 

30 can be employed to even out temperature in the reaction vessel. Again, the length of time heating is applied will depend 
on the scale (e.g., benchtop or production) being implemented, but is typically anywhere from a few minutes to several 
hours. Once heating Is completed, the reaction is cooled, preferably slowly over a period of typically at least 2 hours, 
preferably at least four hours at production scale, until room temperature is reached. This method was utilized to 
prepare several larger particle size lots. In general, enriching the solvent In THF will increase crystal particle size. 

35 Generally, large particles having a VMD of 50-150 urn can be produced by this method. It is noted that if a large particle 
size lot having a VMD greater than 85 u,m is obtained, it can be milled to give material of intermediate or smaller particle 
size, and this constitutes yet another method of making particulate ziprasidone hydrochloride monohydratB crystals 
suitable for use in the invention. 

[0017] When growing crystals toward the 85 urn end of the range or larger, a number of factors are important for 
40 producing a large crystal size. First, high purity of the ingoing ziprasidone Iree ba3eis helpful in growing larger crystals. 
Also, as it has been noted, conducting the crystallization just below reflux is helpful, and it is possible that dropping 
the temperature just below reflux decreases the amount of stress on the crystal. Additionally, using a slow rate of 
agitation further reduces crystal breakage. Use of dilute HCI solution in place of concentrated HCI further increases 
crystal size. Two factors which also have been found to be helpfu for forming large crystals are (1) slowing the addition 
4 * of the acid, and (2) having a stir period after an initial 10% acid charge, so that only a relatively few seed crystals are 
generated prior to the remaining HCI being charged. A detailed experimental procedure is presented in the Examples. 
[0018] The process of preparing large ziprasidone HCI crystals as presented above is believed to be novel, and is 
accordingly provided as a further feature of The invention. Thus the invention provides a process of preparing large 
crystals of ziprasidone hydrochloride monohydrate. comprising the steps o(: 

so 

1) dissolving ziprasidone free base in a solvent comprising THF and water, in a volume ratio of about 22-35 unit 
volumes of THF to about 1 .5-B volumes of water; 

2) heating the solution resulting from step (1), 

3) adding HCI to the solution resulting from step (2); and 
55 4) cooling the solution resulting from step [3). 

(0019] Once the solution has been cooled, The crystals can be harvested conventionally for example by filtration, 
and dried, 
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[0020] Compositions comprising ziprasidone free base or ziprasidone hydrochloride having a mean particle size less 
than B5 (im can be formulated into conventional, usually dry, pharmaceutical dosage forms such as tablets, powders 
for oral suspension, unit dose packets, and capsules for oral adminstration, and such dosage forms can be mads by 
conventional methodology. Ziprasidone free base can also be incorporated into a pre-constituted oral suspension as 
s described In (Pfizer Docket 10509JTJ), filed provisionally In the US of even date herewith, and herein incorporated by 
reference 

[0021 ] The compositions, in addition to ziprasidonef ree base or ziprasidone hydrochloride; can contain conventional 
phermBceutically acceptable exciplents such as, for example: fillers and diluents such as starches and sugars; binders 
such as carboxymethyl cellulose and other cellulose derivatives, alginates, gelatine, and polyvinyl pyrrolidone; disin- 
10 tegrating agents such as agar-agar, calcium carbonate and sodium bicarbonate, pregelatinized starch, sodium cro- 
scarmellose sodium starch glycolate and crosslinked polyvinyl pyrrolidone); lubricants such as talc, sodium lauryl 
sulfate, stearic acid, calcium and magnesium stearate, and solid polyethyl glycols Some excipients can serve more 
than one function; for example, a disintegrant can also serve as a filler. 

(0022] In a preferred manufacturing process embodiment, ziprasidonefree base or ziprasidone hydrochloride mono- 
'5 hydrate, lactose monohydrats and pregelatinized starch are first sieved or gently milled using common stainless steel 
sieves or mechanical mills in order to ensure that all components are de lumped. The mixture is then blended for 30 
minutes to ensure good homogeneity, for example using a tumbling blender such as a V-blender or a bin blender. 
Following blending, magnesium stearate (0.75% w/w) is added and blending is continued for five more minutes. The 
blended mixture is then added into the hopper of a roller compacter, then compacted and milled to form a granulation 
20 The granulation is then further blended as described above for 10 minutes. Following blending additional lubricant 
(magnesium stearate, 0,5% w/w) is added and blending continued for an additional five minutes. The mixture can then 
be sampled if desired prior to, for example encapsulating conventionally using, for example, an H&K or Bosch encap- 
sulation machine. 

[0023] Tablets can be made by conventional methcdo ogy and employing conventional equipment. 
25 [0024] The amount of ziprasidone free base or ziprasidone hydrochloride contained in a tablet, capsule, or other 
dosage form containing a composition of this invention will usually De between 5 and 100 mg, usually administered 
orally twice a day. although amounts outside this range and different frequencies of administration are feasible for use 
in therapy as well. As previously mentioned, such dosage forms are useful, inter alia, in the treatment of psychotic 
disorders, tor example of the schizophrenic type, as disclosed In U.S. 4,831 .031 . 
so [0025] As noted, average particle size can be determined by Malvern light scattering, a laser light scattering tech- 
nique In the examples below, the particle size for ziprasidone HC! monohydrate drug substance was measured using 
a Malvern Mastersizer Model MS1 particle size analyzer (Malvern Instruments Inc., 1 0 Southvllle Rd., Southborough 
MA 01772) with a Small Volume Recirculating unit attachec. A 3C0RF mm lens and a beam length ol 2.4 mm was 
used. A recirculating speed set to 11 o'clock was used to ensure that the sample remained suspended. Samples for 
35 analysis were prepared by adding a weighed amount of ziprasidone hydrochloride (500± 10mg) to a 16 mL glass vial. 
To this vial was added 1 0 mL of suspending media, specifically a previously prepared mixture of hexanes (ACS reagent 
grade) containing 1% Span 65. The ziprasidone hydrochloride was suspended by shaking well for approximately 5 
seconds. 60 second sonication can be implemented to effectively break agglomerates and help suspend particles, if 
necessary. Prior to analysis of the sample, a background count was achieved by filling the measurement cell with 1 00 
-to mL of the suspending media. For sample analysis, a disposable Pasteur pipette was used to first withdraw and empty 
portions of the suspension several times to ensure representative sampling of the sample vial contents Then the 
pipette was filled and a few drops of the vial contents were added to the suspending medium in the measurement cell 
until an obscuration value of roughly 20% was obtained. This sampling procedure was performed while continuously 
shaking the vial to avoid settling of the suspension during sampling. Volume distributions were obtained and for char- 
ts acterization , the values for D 10 , D so , D go and Volume Mean Diameter (VMD=D[4,3]) were specifically listed (NOTE 
Mean particle size values mentioned herein referto measured VMD values). Upon measurement completion, the sam- 
ple cell was emptied and cleaned, refilled with susperding medium and the sampling procedure repeated for a total 
of three measurements. 

[0026] A dosage form can be tested to assess its dissolution profile by dissolution testing it in a USP-2 apparatus 
50 As previously described, the apparatus is implemented to contain 900 ml of 0.05 M NaH 2 P0 4 buffer, pH 7.5, containing 
2% (w/w) sodium dodscyl sulfate. 1% pancreatin may be added if the dosage form being tested is a capsule, as 
previously noted. The pH can be adjusted as approprate using, for example, 5N NaOH or concentrated phosphoric 
acid. The USP-2 apparatus is equipped with paddles stirring at 75 rpm. The dosage form (e.g., tablet or capsule) is 
added directly to the aqueous dissolution medium. If the dosage form is a capsule, it is inserted into a plastic clip (of 
55 the type available commercially as a Vankel. Part No. T-1 045-8) to maintain the capsule at the bottom of the vessel 
during initial dissolution. The dissolution medium is typically maintained at 37 °C during the test A dosage fcrm is 
within the scope of the invention if at least 70% of the ziprasidone hydrochloride, preferably 75%. dissolves in the 
phosphate solution within 45 minutes. 
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[0027] The amount of dissolved zlprasldone can be determined conventionally by HPLC, As an example of an HPLC 
a6say to determine ziprasidone solubility, the amount of dissolved ziprasidone can be determined by using a suitable 
chromatographic column such as a Zorbax® Fix C$ Reliance (Mac-Mod Analytical Inc., 127 Common Court. PO Box 
2600, Chadds Ford, PA 19317), 4.0 x 80mm column with an ieocratic mobile phase consisting of 45% acetonitrile and 

5 55% 0.05 potassium dihydrogen phosphate buffer, pH 6.5, at a flow rate of 1 .0 ml/min at 40 °C. Detection can be by 
UV absorption at a wavelength of 215 nm. Quantification can be effected facilely by comparison of HPLC peak height 
(or area) with the peak height (or area) taken from a standard plot of concentration vs. peak height (or area)forstandards 
of known concentration. As Is conventional, the ziprasidone standard concentrations are selected to fall within a linear 
range of concentration vs absorbancefor the UV detector employed. 

io [0028] The invention is further exemplified and disclosed by the following non-limiting examples: 

Example 1 

(0029] To illustrate the invention , a human pharmacokinetic open, randomized, three period, two treatment crossover 
'5 study at steady-stateconditlons with no wash-out period was cor ducted In which two ziprasidone capsule lots (identical 
compositions, identified in Table 1 as Example 3), each comprising 20 mg activity of ziprasidone but having different 
ziprasidone hydrochloride particle size, were administered to a total of 14 healthy subjects, both male (11 patients) 
and female (3 patients), Subjects were dosed orally twice daily (1x20 mg capsule, 12 hours apart) in the fed state 
immediately after consuming an identical breakfast or evening meal. Doses were administered with 50 ml of water. On 
20 the third day of each period (days 3, 6 and 9), each subject consumed a breakfast consisting of two eggs fried in butter, 
2 strips of bacon, 6 ounces of hash brown potatoes, 2 pieces of toast with 2 pats of butter and 8 ounces of whole milk, 
Immediately following breakfast. 1x20 mg capsule was dosed, and blood samples withdrawn at the following times: 0 
(just prior to dosing), 0.5, 1 ,2,3,4.6,8, 1 0 and 1 2 hours. Additional serum samples were obtained prior to morning dosing 
on days 1 2, 4, 5 7 and B. Serum ziprasidone concentration was determined using a high performance liquid chro- 
25 matography assay along lines set forth In Janlszewskl at al., J. Chromatography B: Biomedical applications, June 9, 
1995, 668 (1), pp.133-139, and can be described as follows: 

[0030] Serum samples are prepared by weak action exchange on sol d phase extraction (SPE) columns. Following 
conditioning of the SPE columns with methanol and aqueous acetic acid, 0.5 ml aliquots of serum are added to each 
SPE column followed by 0.05 ml of an Internal standard typically 20 ng per 50 uj In 50% methanol/50% water The 
3o samples are aspirated through the column by applying vacuum and washed with small amounts of reagents suoh as 
aqueous acetic acid, methanol and 0.25% triethylamine (TEA) in acetonitrile. The samples are then eluted into silanized 
glass test tubes with a single column volume of solvent such as 1.0% TEA In acetonitrile. After evaporating off the 
solvent (40 "C to 60°C under N 2 ), the dried residues are reconstituted in 40 u.l of mobile phase (2:1 deionized water/ 
acetonitrile with 0 05% trif luoroacetlc acid and 0.08% triethylamine) for which the- pH is adjusted to 0.5 using concen- 
ts trated HCI, After centrifugation, these samples are analyzed using a Supelco Supelcosil™ LC-18-DB narrow-bore 
column maintained at 35 °C utilizing a flow rate of 0.27 ml/mln and UV absorption at 215 nm, 
[0031] The mean particle sizes employed in the two capsulH lets were 20 and 46 .urn. Maximum observed serum 
ziprasidone concentrations (C max ) were estimated directly from the experimental data, T max (the time of first occurrence 
°f ^max) was noted. The area under the serum ziprasidone concentration-time curve from 0 to 12 hours post dose 
40 (AUC 0 . 12 ) was estimated using linear trapezoidal approximation. Relative bioavailability was estimated from the ratio 
of adjusted steady state mean AUC^j values comparing the 46 urn particle size to the 20 urn particle size. 
[0032] Visual Inspection of the data indicated steady-state systemic exposures were attained by day three No ap- 
parent differences were noted in pharmacokinetic parameters between males and females. It is noted that only a limited 
assessment of gender effects could be made as onfy three of the 14 subjects participating in the study were women. 
45 T may . values ranged from 0 to 12 hours, however, mean values ranged from b to 8 hours across all treatments. No 
statistically significant difference was observed forT mB> . between the two treatments (p=0.63) and the adjusted mean 
T malI values were 6.8 and 6,3 hours, respectively. Exposure (AUC) was similar for both particle sizes and the mean 
relative bioavailability for the 46 iim capsules (compared to the 20 tim capsules) was 100.2%, Similarly, the ratio of 
adjusted mean C ma „ values comparing the 46 pm particle size to the 20 urn particle size was 96.6%. 90% confidence 
so intervals were AUC 0 . 12 (89.1%, 112.7%) and C max (B6.0%, 10B.5%). Thus. 20 mg capsules prepared using a larger 
particle size (46 urn) provide equivalent systemic exposures to capsules prepared using the smaller particle size (20 
urn). 

Example 2 

55 

[0033] This example is comparative and further demonstrates the effect of ziprasidone hydrochloride particle size 
on systemic exposure of ziprasidone dosed in a capsule dosage form. 

[0034] Three lots of ziprasidone hydrochloride capsules containing 20 mg activity were manufactured (Example 3 



6 



EP0 965 343 B1 



listed in Table 1) each utilizing a different ziprasidone hydrochloride lot possessing a different particle si2e, specifically 
a mean particle size (VMD) of either 20 j»m, B4 jim or 105 urn. The capsules containing the 20 am ziprasidone hydro- 
chloride were from the same capsule lot as described in Example 3. 

[0035] The effect of particle size on ziprasidone bioavailability from these dosage forms was determined using an 
s open! randomized, three period, three treatment, single-dose crossover human pharmacokinetic study consisting of 
eleven healthy subjects. Subjects were dosed orally (1x20 mg capsule) on days 1 , 8 and 15 immediately after con- 
suming a breakfast consisting of two eggs fried in butter, 2 strips of bacon, 2 ounces of hash brown potatoes, 2 pieces 
of toast with 2 pats of butter and 8 ounces of whole milk. Each dose was administered with 50 ml of water. B ood was 
then sampled at the following times: 0 (just prior to dosing), 1, 2, 3, 4, 6, 8, 12, 18, 24, and 36 hours after drug admin- 
10 istration, For each subject after each dose, the area under the drug serum concentration vs, time curve (AUC(j_ in( ) and 
the maximum observed serum ziprasidone concentrations (C max ) were determined, 

[0036] The ratios of average AUCq.,,,, and C mat from dosing the capsules containing the larger sized ziprasidone 
hydrochloride (84 and 105 am) relative to those average values obtained from dosing the capsules containing the 
smaller 20 urn ziprasidone hydrochloride were used as a measure of the effect of particle size on ziprasidone oral 
'5 bioavailability Average AUC 0 . M (84 am)/ AUC a . lnf (20 am) and 0,^(84 ^m)/C n , ax (20 am) were 81% and 90%, respec- 
tively. Average AUC fl .| nI (1 05 urn)/ AUC 0 . inf (20 u.m) and C m ^1 05 urn)/ C max (20 am) were 75% and 77%, respectively. 

Examples 3-9 

so [0037] The following formulations are representative of those within the scope of ttie invention. All formulations were 
made by the preferred manufacturing process previously described using ziprasidone hydrochloride particles having 
a mean particle size between 20 and 85 urn. All formulations were used as capsule fill. 
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Example 10 

[0038] This example illustrates a procedure for making large crysta s of ziprasidone hydrochloride monohydrate. 
Double recrystallized ziprasidone free base was selected for use in this procedure. The lot assayed at a purity of 99.7%. 

s [0039] A clean and dry glass-lined reactor was charged with 180 L of THF, 18 L of deionized water, and 6.0 Kg of 
ziprasidone free base. The slurry mas heated to reflux, giving a clear solution. A HCI solution was prepared from 16 L 
of deionized water and 1.8 L of concentrated HCI in a separate charge tank. The agitator in the tank was set to the 
slow speed. The reactor was cooled to just below reflux (60-62 °C, THF refluxes at ~64°C) and an initial 2 Kg of the 
HCI solution were added. This brought the crystallization lo the point of turbidity. The crystallization mixture was main- 

10 tained at 62 °C for 30 minutes, thereby allowing seed crystals to develop. Following the stir period, the rest of the HCI 
solution was added over an additional 45 minute period. When the addition was complete, the slurry was slowly cooled 
from 62"Cto 13°C to complete the crystallization. The product, ziprasidone hydrochloride monohydrata, was collected 
on a glass-lined enclosed pressure filter, and the cake was washed with 6 L of fresh cold THF. 
[0040] The product was dried under vacuum at 25 to 35°C to obtain the desired monhydrate (water content by Karl 

« Fischer, KF = 3,9 to 4.5%). 6,6 Kg of product was obtained, a 97% yield The product showed a single peak by HPLC 
analysis (LOQ<:0.0S%) which malched the retention time of the standard. 

[0041] The crystal size obtained was 105 urn, it being noted that this large crystal size can be milled lo smaller sizes 
having a mean particle size less than 85 jim 

so EXAMPLE 11 

[0042] A suspension formulation was prepared by heating 733,31 g of water to 70 °C followed by adding 1 .36 g 
methylparaben and 0.1 7 g propylparaben while stirring at about 200 rpm with an overhead stirrer. After the parabens 
completely dissolved, the temperature was lowered to about 30^0 The following components were then added in 
25 order: 2.78 g xanthan gum, 333.90 g xylitol, 1.13 g anhydrous cilric add, 1.21 g trisodium citrate dihydrate, 0.55 g 
polysorbate 80, 11.13 g NaCI, 11. 33 g ziprasidone hydrochloride monohydrate having a nominal particle size of 38 jim, 
1 1 .1 3 g colloidal silicon dioxide, and 5.0 g cherry flavor The pH was adjusted to 4.0 using aqueous sodium hydroxide 
and hydrochloric acid as needed, 

3D Example 12 

[0043] This example discloses a process for making a ziprasidone free bass suspension. 

[0044] Into a 2 liter beaker was weighed 812.9 g of water which was stirred using an overhead stirrer at a speed of 
about 200 rpm. The water was heated to 70°C Once the temperature reached 70 C> C, 1 .36 g of methylparaben and 

35 0.17 g of propylparaben were added. When the parabens were completely dissolved, the temperature was lowered to 
40°C. To the solution was slowly added 3.27 g of a viscosity agent, CARBOPOL© resin 974P (Union Carbide Corpo- 
ration, Danbury, CT) ; taking care to avoid big lumps, and increasing the stirring speed as necessary. Agitation was 
maintained until the viscosity agent had completely dispersed and/or dissolved. To the solution was added 218 g of 
sucrose. After dissolving the sucrose, temperature was lowered to 30°C. To the solution was added 2.94 g of trisodium 

40 citric salt. To the solution was added 0,544 got polysorbate 80. To the solution wa6 slowly added 11. 325 g of ziprasidone 
free base. A 10% NaOH solution was used to adjust the pH of the formulation to 5.7, After the pH had equilibrated, 
1 .09 g of colloidal silicon dioxide (CAB-O-SIL® Cabot Corporation) was added. 



■fs Claims 

1 . Acomposition comprising crystallineziprasidonefreebase orcrystallineziprasidone hydrochloride particles having 
a mean particle size equal to or less than about 85, urn and a pharmaceutical^ acceptable diluent or carrier 

so 2. Acomposition according to claim 1 , wherein said composition comprises ziprasidone hydrochloride monohydrate. 

3. A composition according to claim 1 , wherein said mean particle size is equal lo or less than 50 |im. 

4. A composition according lo claim 3, wherein said mear palicle size is from 5 to 50 jim. 

55 

5. A composition according to claim 4, wherein said mean particle size is from 5 to 40 um. 

6. A composition according to claim 5, wherein said mean particle size is from 5 to 30 um. 
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7. A composition according to any one of the preceding claims which exhibits an AUC and/or C max that is at least 
B0% of the mean AUC and/or C max observed for an equivalent composition differing only in that the ziprasidone 
mean particle size is 20 pirn 

s 8. A composition according to claim 7 wherein the particle size is measured oy Malvern light scattering. 

9. A composition according to anyone of the preceding claims, wherein, when an amount of said composition com- 
prising 100mg or less of zlprasldone free base or 113.2mg or less of ziprasldone hydrochloride is placed in a USP- 
2 apparatus containing 900 ml of aqueous NaH 2 PO + buffer, pH 7.5, containing 2% (w/v) sodium dodecyl sulfate, 

10 and equipped with paddles stirring at 75 rpm, at least 70% of the ziprasidone therein dissolves within 45 minutes. 

10. Uso of a composition as defined in any one of the preceding claims in the preparation of a medicament for the 
treatment or prophylaxis of psychosis. 

13 11. A process of preparing large crystals of ziprasidone hydrochloride monohydrate, comprising the steps of: 

1 ) dissolving ziprasidone free hase in a solvent comprising THF and water. In a volume ratio of about 22-35 
unit volumes of THF to about 1 .5-8 volumes of water; 

2) heating the solution resulting from step (1); 

20 3) adding HCI to the solution resulting from step (2): and 

4) cooling the solution resulting from step (3). 

12. A process according to claim 11 , wherein the volume ratio of THF to water in said solvent is 24-30 to 2-6 

23 1 3. A process according to either claim 11 or claim 1 2, wherein, in said step (3), the temperature of said solution is 
maintained below reflux. 

14. A process according to claim 13. wherein said temperature is 60-64°C. 

30 

Patents nap ruche 

1 . Zusammensetzung, umfassend Teilchen von der kristallinen freien Base von Ziprasidon oder von kristallinem Zi- 
prasidonhydrochlorid miteinermittlerenTeilchengroiJegleich oder weniger ais eTwa85umundeinpharmazeutisch 

3S vertragliches Verdunnungs- oder Tragermittel. 

2. Zusammensetzung nach Anspruch 1, wobei die Zusammensetzung Ziprasidonhydrochloridmonohydrat umfasst. 

3. Zusammensetzung nach Anspruch 1 , wobei die minlere TeilchengroBe gleich oder weniger als 50 urn ist. 

40 

4. Zusammensetzung nach Anspruch 3, wobei die mfttlere TeilchengraBe 5 bis 50 urn ist 

5. Zusammensetzung nach Anspruch 4, wobei die mittlere Teilchengrofte 5 bis 40 urn ist. 
43 6. Zusammensetzung nach Anspruch 5, wobei die mittlere Teilchengrofie 5 bis 30 urn ist, 

7. Zusammensetzung nach einem der vorangehenden Anspruche, die einen AUC- und/oder C may -Went zeigt der 
mlndestens 80% des mittleren AUC und/oder C raax -Werts betragt, der fur eine glelche Zusammensetzung beob- 
achtet wurde, die sich nur darin unterscheidet dass die mittlere ZiprasidonteilchengrSfie 20 u,m ist. 

50 

8. Zusammensetzung nach Anspruch 7, wobei die TeilchengroBe durch Malvern-Lichtslreuung gemessen wird. 

9. Zusammensetzung nach einem der vorangehenden Anspruche, wobei sich, wenn eine Menge der Zusammen- 
setzung, die 1 00 mg oder weniger der freien Base von Ziprasidon oder 1 1 32 mg oder weniger Ziprasidon hydro- 
s' chlorid umfasst. in eine USP-2-Apparatur gegeben wird, die 900 ml wasserigen, 2% (GewichWolumen) Natrium- 

dodecylsulfat enthaltendon NaH 2 P0 4 -Puffer mrt pH 7,5 enthalt und mit Flugein, die bei 75 U/min riihran, ausge- 
stattet ist, mindestens 70% des Ziprasidons darin innerhalb 45 Minuten losen. 
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10. Verwendung einerwie in einem der vorangehenden Ansprflchedeflnierten Zusammensetzung bsl der Herstellung 
eines Arzneimiltels zur Behandlung oder Prophylaxe einer Psychose. 

11 . Verfahren zur Herstellung groBer Kristalle von Ziprasidonhydrochloridmonohydrat, umfassend die Schritte von: 

1) Auflosen der freien Base von Ziprasidon in einem LosungsmrtteL umfassend THF und Wasser in einem 
Volumenverhaltnis von etwa 22-35 Einhertsvolumen THF auf etwa 1 ,5-B Volumen Wasser; 

2) Erhltzen der sich aus Schrltt (1) ergebenden Losung; 

3) Zugeben von HCI zu der von Schritt (2) erhaltenen Losung und 

4) Kuhlen der von Schritt (3) erhartenen Losung. 

12. Verfahren nach Anspruch 11 , wobei das Volumenverhaltnis von THF zu Wasser in dem Losungsmlttel 24-30 zu 
2-6 ist. 

13. Verfahren nach entweder Anspruch 11 odsr Anspruch 12. wobei in dem Schritt (3) die Tempsratur der Losung 
unterhalb des Riickflusses gehalten wird. 

14. Verfahren nach Anspruch 13, wobei die Temperatur 6u-64 c C ist. 



Revendications 

1 . Composition comprenant des particules de base fibre de ziprasidone cristalline ou de chlorhydrale de ziprasidone 
cristallin ayant un diametre moyen de particules egal ou interieur a environ 85 (un et un diluant ou support phar- 
macautiquement acceptable 

2. Composition suivam la revendication 1 , dans laquslle ladite composition comprend du monohydratB de chlorhy- 
drale de ziprasidone. 

3. Composition suivant la revendication 1 , dans laquelle ledit diametre moyen de particules est egal ou inferieur a 
50 urn. 

4. Composition suivant la revendication 3 dans laquelle ledit diametre moyen de particules est compris dans I'inter- 
valle de 5 a 50 u.m. 

5. Composition suivant la revendication 4 dans laquelle ladit diametre moyen de particulBS est compris dans I'lnter- 
valle de 5 a 40 um. 

6. Composition suivant la revendication 5, dans laquelle ledit diametre moyen de particules est compris dans I'inter- 
valle de 5 a 30 urn. 

7. Composition suivant I'une quelconque des revendications precedenles, qui presents une valeur de I'aire sous la 
courbe (AUC) et/ou C max qui est egale a au moins 80 % de la valeur moyenne de AUC et/ou C max observee pour 
une composition equivalentedifterant seulement par le diametre moyen des particules de ziprasidone qui est egal 
a 20 jim 

8. Composition suivant la revendication 7, dans laquelle le diametre de particules est mesure par diffusion de lumiere 
Malvern. 

9. Composition suivant I'une quelconque des revendications precedentes, dans laquelle, lorequ'une quantite de ladite 
composition comprenant une quantite e-gale ou Inferleure a. 100 mg de base libre de ziprasidone ou une quantite 
egale ou mferieuie a 113.2 mg de chlorhydrate de ziprasidone est placee dans un appareil USP-2 contenant 900 
ml d'un tampon aqueux au NaH 2 P0 4 a pH 7 ; 5, contenant 2 % (en poids/volume) de dodecylsulfste de sodium et 
equipe de pales d'agitation a 75 ti/min : au moins 70 % de la ziprasidone qui s'y trouve se dissolvent en un temps 
de 45 minutes 

10. Utilisation d'une composition repondant a la definition suivant I'une quelconque des revendications precedentes 
dans la preparation d'un medicament destine au traitemem ou a la prophylaxis de la psychose. 
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11. Proceds pour la preparation de grands erlstaux de monohydrate da ehlorhydrate de ziprasidone, eomprenant las 
Stapes consistant : 

1) a dissoudre de la base fibre de ziprasidone dane un solvant eomprenant du THF et de I'eau, en un rapport 
en volume d'envlnon 22 a 35 volumes unltalras de THF a environ 1 .5 a 8 volumes d'esu ; 

2) a chauffer la solution resultant de I'etape (1) ; 

3) a ajouter du HCI a la solution resultant de I'etape (2) ; et 

4) a refroidir la solution resultant de I'etape (3). 

12. Precede suivant la revendication 11 , dans lequel le rapport an volume du THF a I'eau dans ledlt solvant est un 
rapport de 24-30 a 2-6. 

13. Precede suivant la revendication 11 ou la revendication 12, dans leque I. dans ladita etapa (3), latamperature de 
ladite solution est maintenue au-desaous de la temperature du reflux 

14. Procede suivant la revendication 13, dans lequel ladite temperature est comprise dans i'intervalle de 60 a 64°C, 
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